This paper describes how coherent backscattering is altered by an external magnetic field. In the theory presented, magnetooptical effects occur inside Mie scatterers embedded in a non-magnetic medium. Unlike previous theories based on point-like scatterers, the decrease of coherent backscattering is obtained in leading order of the magnetic field using rigorous Mie theory. This decrease is strongly enhanced in the proximity of resonances, which cause the path length of the wave inside a scatterer to be increased. Also presented is a novel analysis of the shape of the backscattering cone in a magnetic field.
Introduction
The enhancement of backscattering in propagation of waves in a random medium is a well documented topic. Weak localization theory explains how interference effects between direct and reverse scattering events produce Coherent Backscattering (CBS). The main features of CBS are insensitive to many aspects of the statistics of the inhomogeneities. Even absorption does not alter the relative strength of the interference [1] . The interference is only affected by the properties of the medium with respect to the reciprocity principle as first noted by Golubentsev [2] . MacKintosh and John [3] analyzed how CBS is altered by Faraday rotation and natural optical activity in a medium of inhomogeneities smaller than the wavelength, and in the diffusion approximation. Using a method based on point-like scatterers, Van Tiggelen et al. extended these ideas and discussed the anisotropy induced by a magnetic field in light diffusion [4] . The case of non-magnetic Mie scatterers embedded in a Faraday-active medium has been studied by means of Monte Carlo simulations by Martinez et al. [5] . Maradudin et al. considered specifically the two dimensional coherent backscattering of light from a randomly rough surface in the presence of a magnetic field [6] . Experimentally, CBS in a magnetic field has been studied by Erbacher, Lenke and Maret [7] , and some of their results will be discussed here.
In section 2, the main results of a recent calculation of the T-matrix for a Mie scatterer in a magnetic field are presented [8, 9] , and serve in section 3 as the building block to study diffusion of light in a magnetic field. After having detailed the main features of the Faraday effect for multiple Rayleigh and Mie scattering, the modification of the line shape of CBS in a medium with finite-size scatterers in a magnetic field is investigated in the last section.
T-matrix in a magnetic field
In this paper, c 0 = 1 has been set. In a magnetic field, the refractive index is a tensor of rank two. For the standard Mie problem, it depends on the distance to the center of the sphere r, which has a radius a, via the Heaviside function Θ(r − a), that equals 1 inside the sphere and 0 outside, ε(B, r) − I = [(ε 0 − 1) I + ε F Φ] Θ(r − a).
(
In this expression, ε 0 = m 2 is the value of the normal isotropic dielectric constant of the sphere of relative index of refraction m, and ε F = 2mV 0 B/ω
is a dimensionless coupling parameter associated with the amplitude of the Faraday effect (V 0 being the Verdet constant, B the amplitude of the magnetic field and ω the frequency). The antisymmetric hermitian tensor Φ ij = iǫ ijkBk has been introduced (the hat above vectors means that the vectors have been normalized). The Mie solution depends on the dimensionless size parameters x = ωa and y = mx. In this paper, only non-absorbing media are considered so that m and ε F are real-valued. Since ε F ≈ 10 −4 in most experiments, a perturbational approach is valid. The part of T that is independent of the magnetic field is denoted T 0 , the part of the T-matrix linear in B is T 1 , and the second order correction T 2 . Two important symmetry relations must be obeyed by a T-matrix of a scatterer in a magnetic field. The first one is parity symmetry and the second one is reciprocity [8] :
It is important to note that σ(−k) = −σ(k), i.e. σ indicates the helicity. In particular, relations (3, 4) must hold for T 1 . T 2 satisfies Eq. (4) without a minus sign for B and obeys the standard reciprocity principle. For this reason, T 2 will not contribute to the suppression of the backscattering cone considered in this article, the next order being T 3 . Because T 1 is linear inB, it can be constructed by considering only three special cases for the direction ofB. Ifk andk ′ are not collinear, the unit vectorB can be decomposed in the non-orthogonal but complete basis ofk,k ′ andĝ =k ×k ′ /|k ×k ′ |. This results in [8] ,
With respect to an helicity base, T 1 takes the form,
with
where the coefficients C J and D J have been defined in Ref. [8] . For T 1 σσ ′ (B =ĝ), the following expression has been found
Fork =k ′ ,
3 Diffusion of light in a magnetic field
The equation of radiative transfer aims to describe the propagation of the average intensity in multiple scattering, but violates reciprocity [10] . The reason is that it does not contain the most-crossed diagrams (C + ijkl ) responsible for CBS. By definition, the four-rank tensor L ijkl linearly connects the field correlations of incident and outgoing fields. This can be represented by a diagram that starts on the first scattering event, and which has two lines, corresponding to the propagation of the field and to the complex conjugate of the field as can be seen in Fig. (1) . For L + ijkl both fields propagate in the same magnetic field B as opposed to L − ijkl for which both fields propagate with opposite sign for the magnetic field B [4] . The relations deduced from the application of the reciprocity relation (4) are
and
On long length scales (q → 0) and for stationary situations (Ω = 0), the ladder diagrams L − ijkl take the following hydrodynamic form [11] ,
The symmetry of the numerator is imposed by the reciprocity principle; λ is a scalar dimensionless parameter that elucidates the breaking of reciprocity by the magnetic field in multiple scattering. In Eq. (16), D is the conventional diffusion coefficient for radiative transfer, and ℓ is the scattering mean free path, which is a typical distance between two scattering events. This diffusion constant was shown theoretically and experimentally [12] to depend on the square of the magnetic field. These corrections are not considered here since the dephasing parameter λ/(Dℓ) is only discussed to second order in the magnetic field. The enhancement factor of coherent backscattering is a ratio of a coherent contribution, described by the most-crossed diagrams, over an incoherent contribution represented by the ladder diagrams. The parameter λ plays the role of an "absorption" term for the coherent contribution only, and is therefore responsible for the decrease of the coherent backscattering cone in a magnetic field. This parameter λ can be expressed as the square of a Faraday dephasing angle, which is the product of a Verdet constant, the magnetic field strength, and a characteristic length scale for the propagation of light in the medium. Since the scattering mean free path ℓ is a natural and experimentally relevant length scale for coherent backscattering, it is possible to define an effective Verdet constant V ef f from a relation derived in [3] ,
Equation (17) was obtained by MacKintosh and John [3] , who considered a situation where the scatterers and the outside medium both have a Verdet constant V ef f . To first order in the magnetic field, the tensor d ik defined in Eq. (16) must take the form
where d 2 describes persisting polarization effects in diffuse scattering due to the magnetic field [11] . For low density n of particles, d 2 can be determined from the Bethe-Salpether equation
where G(p, B) denotes the ensemble averaged Dyson Green's tensor (see Appendix A for details of notations), and the asterisk denotes hermitian conjugation in polarization space. This equation is slightly more complicated than the one for L + pp ′ [11] because it involves both B and −B due to the definition (16) . Inserting Eqs. (16) and (18) into Eq. (19) and expanding to first and second order in the magnetic field using Eq. (5), fixes d 2 and λ rigorously. The final result reads
Equations (20) (21) (22) (23) contain the main results of this paper and will be discussed in sections 5 to 8. The factor 1/(1 − cos θ p ) in Eqs. (20) and (21) is related to a depolarization length which will be introduced in the next section. In equation (21), λ contains two terms: the first one is seen to dominate for finite size particles (x ≫ 1) whereas the second one prevails for small particles (x ≪ 1). Sections 5 and 6 will discuss these two contributions respectively. Far from resonances, the first term corresponds to the Faraday rotation of the wave inside the scatterer, whereas the second represents the Faraday rotation between two scattering events. Although the medium outside the scatterers is not Faraday active, the Faraday rotation from one scatterer to the next can be defined in the framework of an effective medium theory using the parameter η, which will be defined in section 5.
Depolarization length
In this section, the factor 1/(1 − cos θ p ), which tends to amplify the second term of Eq. (21) is defined. The term A 2 2 is easily seen to dominate for small particles. The total cross-section of one particle is given by [13] ,
with µ = cos θ. The transport mean free path is defined as ℓ * = ℓ/(1 − cos θ ), where the asymmetry parameter cos θ is given by
Likewise, a depolarization length can be defined as ℓ dep = ℓ/(1 − cos θ p ), where
Rayleigh scattering has a forward-backward symmetry so that cos θ = 0. However, scattering is not isotropic due to the polarization and one can easily show that for Rayleigh scatterers cos θ p = 0.5. In the limit of large forward scattering and for m = 1.33, both asymmetry parameters, cos θ and cos θ p tend towards a limit close to 0.85, as shown in Fig. (2a) . In the forward direction the differences between the two states of polarization vanish since S 1 (0) = S 2 (0).
The well-known oscillations and ripple structure [13] of the asymmetry parameter cos θ are also present in cos θ p . As shown in Fig. (2b) , for a relative high value of the relative index of refraction (m = 2.73 corresponding to TiO 2 ), the asymmetry parameters cos θ and cos θ p may take negative values, which can be seen in this particular case near x = 2. In this very particular case, where the scattering is essentially in the backward direction, the characteristic length for the loss of the polarization ℓ dep can be smaller than the characteristic length for the loss of the phase in multiple light scattering, which is ℓ.
Faraday rotation for multiple Rayleigh scattering
Equation (20) for d 2 and the second term in Eq. (21) can be understood from an "effective medium" theory, valid for Rayleigh scatterers. The real part of the forward scattering amplitude (12) is associated with the Faraday effect and the imaginary part with magneto-dichroism (i.e different absorption for different circular polarization) of an ensemble of Faraday-active scatterers. For a dilute system, the antisymmetric part of this effective refractive index ε a is defined as
For the real part of this effective refractive index, the dimensionless parameter η is defined by
Equations (20) and (23) involve this parameter η, which represents a characteristic phase in multiple scattering, due to the Faraday effect in the effective medium accumulated over a distance ℓ. An ensemble of Rayleigh scatterers (for which the electromagnetic field changes only slightly on a scale comparable to the particle size) has the finite value
The Faraday effect of a composite material made of particles smaller than the wavelength, and of different shape (spherical, needle like, plate like) was discussed in Ref. [14] , using a more general version of the effective medium approximation (not limited to dilute samples). For Rayleigh scatterers (x → 0), one obtains
so that, by definition (17),
Apart from a factor depending on the index of refraction, the effective Verdet constant is found to be the product of the volume fraction of the particles by their Verdet constant. As noticed before [4] , one finds a factor of √ 2 more than expected on the basis of the effective medium approach of Eq. (27) if V ef f would have defined by ε a = 2V ef f B/ω. This discrepancy is due to the denominator in Eq. (21), 1 − cos θ p = 1/2 for Rayleigh particles.
From the experimental parameters described in the experiments of Erbacher et al. (a relative index of refraction of m = 1.15), the estimate using Eq. (28) is
This value is to be compared with the experimental value of 1.55±0.15 [7] . The proximity of the two values probably explains the success of previous theories based on Rayleigh scatterers, although this experiment dealt with Mie particles. In this experiment, the maximum of the distribution of the size parameters was roughly estimated at x ≃ 23 but the width of the distribution was very broad. Using the parameters of Erbacher et al., our Mie theory reproduces the limit of Eq. (29) for x = 0, but predicts a value of only 0.4 at x ≃ 23. The solid line in figure 3a represents the effective Verdet constant as a function of the size parameter x, for the same relative index of refraction used in the experiment of Erbacher et al.. One can clearly see in this figure that a distribution of large spheres of size parameter x of the order of 20 or higher can not explain the experimental result. However if the size distribution of the scatterers was rather centered around a size parameter of roughly 10, the experimental value of the effective Verdet constant could possibly be recovered from this Mie theory. In figure 3b , an higher value of the relative index was chosen. In this case, the effective Verdet constant is seen to be enhanced by resonances, which will be the subject of the section 7.
Faraday rotation for multiple Mie scattering
The first term in Eq. (21) originates from the Faraday effect inside the scatterers and is the main contribution in the Mie regime of x ≫ 1. Resonances will be discussed in section 7. Using the definition of Eq. (17), the effective Verdet constant of Mie particles is written as
When the size parameter obeys x ≫ 1 and y = mx ≫ 1, the scattering can be interpreted in terms of geometrical optics. In geometrical optics, rays incident on the sphere are considered rather than plane waves. The ray with central impact is characterized in Mie theory by J = 1. In figure 3a , the effective Verdet constant, that contains contributions from all the rays, is plotted as a solid line, with respect to the size parameter x. The dashed line in this figure represents the separated contribution of the ray with central impact J = 1 in the effective Verdet constant. The two curves merge for x = 0, the Rayleigh limit, but deviate from each other for larger size parameter. For a given value of the size parameter, it can be noted that the ray with central impact already represents a significant contribution to the effective Verdet constant. In addition to this, the effective Verdet constant is seen to decrease for increasing size parameter x. This is an important observation, because this means that Mie scatterers of large size (typically x > 20) are less efficient than Rayleigh scatterers in suppressing the coherent backscattering cone.
Mie resonances
Let us first recall some results for resonant Rayleigh scattering, for which the resonance behavior is analogous to the resonance of a two-level atom in atomic physics. For resonant Rayleigh scatterers the effective Verdet constant is related to the "path length" L path of the wave inside the particle. In fact, the path length, the dwell time of the light and the total electromagnetic energy stored inside the scatterer have been seen to be proportional. The path length can be defined as (see formula (2-22) P17 of Ref. [15] ),
where Q abs is the absorption cross-section and m i the imaginary part of the index of refraction. The physical idea behind this definition is that the longer the path of the light is in the particle, the more the light will suffer from absorption. For resonant Rayleigh particles, the relation to the effective Verdet constant is obtained from Eqs. (28,31),
At resonance, the path length can exceed the size of the scatterer, which means that the effective Verdet constant should be strongly enhanced by resonant scattering. Alternatively, one may relate the path length to the time spent by the wave in the medium, which means that the Faraday rotation is in some sense a Larmor clock, measuring this time [16] . The question is whether resonant enhancement of Faraday rotation occurs in resonant Mie scattering. For Mie resonances the increase in path length is well related to the change of the electromagnetic energy within the scatterers with respect to the surrounding. The total time-averaged electromagnetic energy inside the sphere is denoted by W and W 0 represents this energy for the incident plane wave. For weak absorption, m i ≪ m r , the electromagnetic energy W can be approximated by [17] 
where Eq. (31) was applied to obtain the last equality. This relation is exact for scalar waves and is a very good approximation for vector waves. It is even an excellent approximation in the vicinity of resonances were the deviations between the exact solution and its approximation are the largest. In the domain of J ≃ x, several resonances take place in the Mie coefficients a J and b J . These resonances are well separated and can be numbered by an additional integer k the order of the resonance [18] . Near one electric Mie resonance of a specified order, the denominators of the Mie coefficients a J and c J , which are identical, are close to zero. From Eqs. (21, 22) , one finds √ λ ∼ |c J | 2 /|a J |. By Eqs. (30) and (33), this implies
In the last equality the role of |a J | is dominated by |c J | 2 at resonance, since resonances in the scattering cross-section Q scatt are much less significant than resonances in W . Indeed, in Fig. (4a) , the lower curve represents Q scatt , on normal scale, near one resonance of a water sphere. It is much below the curves of W or V ef f /(f V 0 ) which are even plotted on a logarithmic scale. From Eq. (34), the effective Verdet constant is expected to be simply proportional to the electromagnetic energy W (or equivalently to L path ). This generalizes the result for Rayleigh scatterers in Eq. (32). The numerical verification of Eq. (34) can be deduced from the double logarithmic plot of V ef f /(f V 0 ) against the total electromagnetic energy W in Fig. (4b) .
The proportionality of the Verdet constant and the total electromagnetic energy (or equivalently L path ) has been derived for the particular case where the path of the light is confined along the same line (1D problem as in a Fabry-Perot configuration for instance [8] ). In this case, the cumulative character of the Faraday rotation with respect to the path length leads to an experimentally observed enhancement of the Faraday rotation [19] . Eq. (34) applies to any resonant impact and shows that the possible occurrence of spin flips in Mie scattering, as suggested in Ref. [7] , does not affect the behavior of the effective Verdet constant near resonances and that the Faraday rotation still accumulates along the path as in the 1D case. This is consistent with the observation made in section 6, that the ray with central impact had an important role for interpreting the Faraday rotation for multiple Mie scattering.
In conclusion, like for resonant Rayleigh particles, a strong correlation between the effective Verdet constant and the stored energy inside the sphere was found for resonant Mie particles. The general behavior and proportionality in the vicinity of a resonance is apparently universal.
Shift of the intensity profile of the coherent backscattering cone in a magnetic field
A magnetic field can be expected to introduce some anisotropy in the light intensity profile of the cone. In this section, the form taken by this anisotropy is investigated by taking care of the selection rules imposed for the polarization in reflection of a semi-infinite system of Mie scatterers. This analysis is restricted to linear corrections in the magnetic field, so that the parameter λ discussed in the former section, quadratic in the field, will no longer appear. This approach is based on an improved version of the scalar diffusion approximation. The ladder propagator at point r = {r ⊥ , z} for a source at r ′ = {r ′ ⊥ , z ′ } in a semi-infinite medium is denoted by ρ(r, r ′ ). The z-axis is directed along the normal of the sample, and r ⊥ and r 
with the radiative boundary condition [20] ∀r ⊥ , ∀r
The trapping plane is located at a distance z 0 = 2ℓ * /3 outside the sample, and L a is the absorption length for the light intensity. We assume that the first and the last scattering events take place one transport mean free path ℓ * away from the boundary, in the directions specified by the incoming wavevector p and the outgoing wavevector p ′ . This allows to calculate the contribution of the ladder diagrams L + ijkl (p, p ′ , q, B), the so-called incoherent contribution to the coherent backscattering, directly from ρ(q = 0, z − ℓ * p z , z ′ + ℓ * p′ z ). Similarly, the coherent contribution is obtained from the most-crossed diagrams C
using Eq. (14) . These derivations are detailed out in Appendix A. The coherent contribution in an helicity basis and at reflection (z = 0, z ′ = 0) reads,
where the Kronecker symbol δ σσ ′ guarantees conservation of helicity σ(p) = σ ′ (p ′ ), and b 1 and b 2 are real-valued coefficients to be determined. Most experiments on coherent backscattering were done in the helicity-conserving channel, which has the advantage of having a maximal enhancement factor (since the contribution from single scattering vanishes in this case) and of having an isotropic line shape. Eq. (37) states that the magnetic field modifies the cone exactly in this channel, in agreement with previous work [3] . Even when a magnetic field is present, no coherent backscattering is found in the opposite-helicity channel, at least according to the present diffusion approximation.
Only the components of the magnetic field along the slab contribute in the r.h.s of Eq. (37). When the field is perpendicular to the slab, the decrease of the enhancement factor, described by λ, is the sole impact of the magnetic field and is not included in the present approximation. When the magnetic field is in the plane of the slab, two corrections show up. The first one, proportional to b 1 , is magneto-transverse, since it produces a shift of the intensity profile of the cone in the plane of the slab, normal to the magnetic field. This correction is independent of the state of helicity of the light. The second correction in Eq. (37) proportional to b 2 does depend on the helicity σ. It produces a shift of the intensity profile of the cone in the direction of the magnetic field in the plane of the slab, quite similar to the correction induced by the magnetic field in the group velocity [21] .
The coefficient b 1 can be calculated independently from b 2 , in a way exactly analogous to the calculation of a 1 in Ref. [11] responsible for the Photonic Hall Effect (PHE). The result is
where the magneto T-matrix T 1 σσ ′ (B =ĝ)(θ) was introduced in Eq. (10) . Note that the imaginary part in Eq. (38) discriminates b 1 from the parameter a 1 responsible for the PHE, in which the real part figures. For Rayleigh scattering, one can readily prove that the parameters b 1 and b 2 both vanish. The calculation of b 2 for Mie scattering is very complicated and is beyond the scope of this paper.
The expected modification of the lines of equal enhancement factor due to the magnetic field is now investigated. Equation (37) translates into a CBS line shape
The enhancement factor, in the helicity-conserving channel, is denoted by E for a state of helicity σ. The dimensionless parameter µ = ωℓθ and C(µ) the well-documented line shape of the cone without applied magnetic field were introduced [4] . The azimuthal angle between the projection of the outgoing wave vector into the plane of the slab and the magnetic field direction, which has been chosen along the x-axis, was denoted by ϕ. For simplicity, only the magneto-transverse correction proportional to b 1 will be considered here, so that b 2 = 0. This case corresponds to unpolarized incident light, for which the term proportional to b 2 in Eq. (39) vanishes. The pattern of the lines of equal enhancement factor associated with the b 2 -correction alone is the same as the one of the transverse correction after a rotation of angle π/2 about the x-axis. For a typical experiment [22] with CeF 3 particles of approximate radius of 2µm at room temperature, with a wavelength λ = 457nm, Eq. (38) leads to the estimation b 1 ≃ 1.8 · 10 −2 . The experimentally measured mean free path for a volume fraction of f = 0.1 is ℓ * ≃ 90µm. Eq. (39) is valid for b 1 µ ≪ 1, which means that our approach is limited to the angular domain |θ| ≤ 0.8rad. The equation for the lines of constant enhancement factor E 0 in the absence of magnetic field is E 0 = 1 + C(µ 0 ), independent of the azimuthal angle ϕ. The first order correction in the magnetic field is separated by writing µ = µ 0 + µ 1 . Equation (39) gives
In Fig. (5) , the polar diagram of the lines of constant enhancement factor is shown for b 1 = 1.8 · 10 −2 . As apparent from Eqs. (39,40), the distortion of the lines should increase away from backscattering (at exact backscattering there is no modification at all to first order in the magnetic field). As a consequence, with the value of b 1 given above only a modification of the line shape in the wings might be observed. Although the condition b 1 µ ≪ 1 limits the domain of validity of the approximation there should nevertheless be a sufficiently broad angular range, in the wings of the cone, where the magnetic corrections could be visible. In figure 5 the condition of validity of the approximation has been satisfied.
Another condition of validity lies in the use of the diffusion approximation. This approximation predicts a 1/µ 2 behavior for the line shape of the cone in the wings, which is actually a wrong result. In the wings, the contribution of lowest orders of scattering is dominant and not properly taken into account in the diffusion approximation. Using an exact theory, Gorodnichev proved that the outcome is a 1/µ dependence [23] . His result has been derived only for point-like scatterers but it should also be valid for Mie scatterers when the mean free path is much larger than the wavelength. In any case, the magnetic correction in Eq. (40) depends only on the logarithmic derivative of C(µ 0 ), which should change only by a factor of two if the actual law is 1/µ or 1/µ 2 , the general pattern of the lines of equal enhancement factor being not modified. Therefore, the shift of the center of mass of the light intensity profile which was calculated, should be fairly robust with respect to the exact form of C(µ 0 ).
Conclusion
This paper describes two modifications on the coherent backscattering cone produced by a magnetic field. The first one, the decrease of the enhancement factor, depends on the parameter λ quadratic in the magnetic field, and was observed experimentally.
The second modification is related to the anisotropy of the light intensity and appears already in linear order of the magnetic field. Preliminary experiments seem to have reported the possibility of a shift in the intensity profile [24] . Our analysis applies to spherical scatterers of any size that are Faraday active. The decrease of the backscattering cone gets less pronounced as the size of the scatterers increases, whereas the shift in the intensity profile is only possible with finite size scatterers. As was surmised in Ref. [7] , the effective Verdet constant defined from the decrease of the cone is enhanced near Mie resonances. The effective Verdet constant is found to be intimately related to the stored electromagnetic energy i.e the dwell time of the light in the particle. We acknowledge R. Lenke for making available his recent experimental work on the effect of a magnetic field on coherent backscattering light. We thank JJ. Greffet for stimulating discussions.
A Derivation of the magnetic corrections to the tensor C + σσ ′ In this appendix, the notations are explained and a demonstration of Eq. (37) is given. The transverse part of the free Green tensor is denoted
with (∆p) ij = δ ij −p ipj the projector upon the space orthogonal to p. Similarly, the hermitian projector on the space orthogonal to p for a given state of helicity σ is P σ ij (p) = 1 2 ((∆p) ij − iσε ijkpk ) . Generalizing Eq. (18) for finite value of q (to first order in q and in the magnetic field B) gives
where L(p, q) = 2(p · q)I − pq − qp and Γ − (p, q, B) are tensors of rank two, linear in q, that determine the anisotropy in diffuse scattering. Without a magnetic field it is well known that Γ 0 (p, q) = 2(p · q)/(1 − cos θ ). When a magnetic field is present, the first order correction in the magnetic field is separated as . The general form of the tensor δΓ + (p, q,B) allowed by symmetry has already been discussed in Ref. [11] and will be only slightly different for δΓ − :
where the b i are real-valued coefficients to be determined. The contribution of the first and the last scattering events is obtained by multiplying the tensor for the ladder diagrams of Eq. (16) by free Green tensors G 0 . This gives the incoherent contribution to the coherent backscattering, (14), and after adding the contribution of the first and the last scattering event. In this calculation of the tensor C + ijlk , the reciprocity transformation (14) for the normal components z and z ′ of the tensor has been neglected. The result is finally evaluated at reflection where z = z ′ = 0. The components of the ingoing and outgoing wave vectors p, p ′ perpendicular to the z axis are denoted by p ⊥ , p ′ ⊥ . Finally the coherent contribution can be written
In second order in the magnetic field, λ would be present here as well as stated in Eq. (16) . The values of the coefficients b i can only be found by solving a system of four coupled equations that one obtains when inserting Eqs. (42,43) into Eq. (19) , and which is not reported explicitly here. The contribution of b 3 always vanishes in Eq. (44), since it is proportional to the scalar product p · q in Eq. (43), which is transformed into (p ′ −p) · (p +p ′ ) = 0 in the operation involved in Eq. (14) . For the same reason there is no contribution of Γ 0 (p, q) in Eq. (44). Selection rules for the polarization are obtained in the helicity basis by considering the product
In this calculation, the terms proportional to ζ in Eq. (45) Figure 5: Polar plot of the lines of constant enhancement factor of the coherent backscattering cone in a magnetic field, in the helicity-conserving channel, for b 1 = 1.8 · 10 −2 . The magnetic field is along the horizontal axis on this graph. The graduations of the axis represent the dimensionless parameter µ = ωℓθ. For instance, a graduation of 10 corresponds to an angle of 145mrad (for the mean free path ℓ * ≃ 90µm, and the wavelength λ = 457nm mentioned in the text). Without magnetic field or for a magnetic field perpendicular to the slab, these lines of constant enhancement factor would have been circles.
